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Role of Serine 58 in the Allosteric Binding Site of E. coli Phosphofructoki-
nase
Bobby W. Laird, Gregory D. Reinhart.
A somewhat unique characteristic of EcPFK is that both of the allosteric
ligands, activator MgADP and inhibitor phospho-enol-pyruvate (PEP), bind
at the same effector-binding site. This study attempts to understand why two
different ligands binding to an identical binding site propagate such markedly
different effects. Here we investigated the role that functional groups in PEP
play in ligand binding and allosteric propagation via thermodynamic linkage
analysis. Previously reported data suggested a potential interaction between
PEP and serine 58 in EcPFK contributes substantially to ligand binding and
plays a lesser role in allosteric signal propagation. By mutating Ser58 to Ala,
Cys, and Asn we have further probed its interaction with PEP. When the
Ala, Cys, and Asn mutants were examined, an increase in Kd for PEP of
90x, 30x, and 160x, respectively, that of wild type EcPFK was observed.
Each mutant also displays somewhat diminished allosteric inhibition, however
allosteric propagation was affected to a lesser degree than binding. In the pres-
ence of MgADP the Ala, Cys, and Asn variants exhibit a Kd of 0.25mM,
0.038mM, and 2.8mM, respectively. Comparing the values to wild type
EcPFK, with Kd equal to 0.073mM, we see strong changes in Kd while two
of the three mutations showed little to no change in allosteric activation.
Though these data provide more evidence of a larger role for Ser58 in inhibition
relative to activation, no affect on the nature of allosteric phenomena is
observed for either MgADP or PEP in the mutants. Also, the examination of
inhibitor analogs phosphonoacetic acid, 2-carboxyethylphosphonic acid, and
2-phosphonomethylacrylic acid in the above mutations further strengthens
the hypothesis that Ser58 plays a larger role in ligand binding than allosteric
coupling. Funding provided by NIH grant GM33216 and the Welch Founda-
tion.
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Adaptative Ligand Induced Folding in an Allosteric Response
Christopher Eginton, Colef Talbert, Dorothy Beckett.
The Escherichia coli biotin repressor, BirA, is an allosteric transcriptional
regulatory protein that undergoes ligand-induced loop folding upon corepres-
sor binding. The folding results in formation of a hydrophobic cluster com-
posed of a tryptophan and two valine side chains. Functionally, corepressor
binding results in enhanced repressor dimerization that is linked to assembly
of the transcriptional repressor on DNA. Single alanine replacements in the
hydrophobic cluster perturb both corepressor binding and homodimerization,
indicating that loop folding is required for the allosteric response. In this
work, further perturbation of the hydrophobic cluster was investigated by
creating BirA variants with double and triple alanine replacements at these
same positions. Isothermal titration calorimetry measurements of corepressor
binding and sedimentation equilibrium measurements of homodimerization
reveal non-additivity in the effects of the multiply substituted loop. The re-
sults further indicate that certain combinations of alanine substitutions lead to
reversion of the allosteric response toward that observed for the wild type
protein. The reversion may structurally reflect side chain repacking that
yields a folded conformation of the loop that is competent for allosteric ac-
tivation.
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The Intradimeric Alpha1beta1 Interface Holds the Key to Allosteric
Control in Hemoglobin
Antonio Tsuneshige, Hajime Nishihara, Takanori Inao, Yuki Yashiro.
The major quaternary structural change responsible for the allosteric transition
in human adult hemoglobin (Hb) from low-affinity T- conformation to high-
affinity R-conformation upon ligand binding to hemes has been described as
a 15-degree rotation of one alpha1beta1 dimer over the pairing one. This inter-
dimeric event has been in the limelight for decades. However, since very few
changes, if any, have been reported for the alpha1beta1 intradimeric interface,
its contribution to allostery has been neglected. Here, dramatic changes in
allosteric characteristics that are caused by a specific steric alteration of the
alpha1beta1 interface by chemical modification are reported.
The chemically-modified alpha1beta1 interface Hb showed an extremely low
affinity for oxygen and an almost complete absence of cooperativity, compara-
ble to those caused in native Hb by a combination of strong allosteric effectors.
The functional characterization is supported by structural evidence revealed by
EPR using the nitrosyl derivative, which resembles that one characterized by an
extremely low affinity for the ligand showing a triplet superhyperfine around
g = 2. Sedimentation experiments showed that modified dimers associated
tightly into tetramers. Calorimetric experiments, on the other hand, revealed
that the stabilizing interactions were mainly hydrophobic.The above-mentioned findings suggest that the alpha1beta1 interface is not in-
ert, but rather an extremely important interface playing a pivotal role on the
control of oxygen affinity.
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Allosteric Signaling of Anesthetic Isoflurane Bound to LFA-1 Revealed by
the PMT Model
David D. Mowrey, Hsiao-Mei Lu, Pei Tang.
Allosteric signaling plays a critical role in biological systems. Mechanistic de-
tails of the signaling pathways, however, are often difficult to capture. The Per-
turbation-based Markovian Transmission (PMT) Model has been developed to
mathematically describe the propagation of an initial perturbation through
a protein network. Using the PMT model, we investigated how the binding
of the anesthetic isoflurane to Lymphocyte Function-Associated Antigen-1
(LFA-1) could affect a remote functional site in LFA-1. The bound isoflurane
in the LFA-1 crystal structure (pdb accession: 3F78) was treated as an explicit
node in the protein network. Perturbation of the isoflurane node was deter-
mined to be consistent with perturbing residues with Ca within 5 A˚ of isoflur-
ane. We monitored the propagation of the isoflurane-induced perturbation
through the protein, examined residues experiencing the top 5% of the pertur-
bation flux, and found that several key residues (S139, L205, and N207) in the
metal ion dependent adhesion site and intercellular adhesion molecule-1 bind-
ing interface were affected by isoflurane perturbation. Further investigation
with the PMT model reveals two paths emanating from the bound isoflurane
molecule. Residues identified along both paths experience significant deviation
in crystal structure coordinates between open- and closed-conformation
LFA-1. The binding of isoflurane seems to have stabilized such a path of con-
tacts that prevent transitions from the closed to open conformation of LFA-1.
Our study provided mechanistic details of isoflurane disruption of LFA-1 that
are valuable for understanding of the secondary effects of anesthetics on the
immune system. Supported by NIH (R01GM66358, R01GM56257, and
R37GM049202).
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NMR Investigation of Volatile Anesthetics Interaction with PDZ Domains
of PSD-95
Qiang Chen, David Mowrey, Feng Tao, Roger Johns, Pei Tang.
PSD-95 proteins are the most abundant scaffold proteins in the postsynaptic
density. PDZ1, PDZ2, and PDZ3 domains (PDZ1-3) are the major components
of PSD95. PDZ domains bind to the carboxyl-terminus of PSD-95 partnering
receptors, such as NMDA and AMAP receptors. Anesthetics were found to per-
turb the interaction between PDZ domains and their target proteins. However, it
was unclear whether anesthetics interact directly with the PDZ domains. Using
NMR, we have investigated anesthetics’ effects (such as interaction region and
affinity) on the PDZ1-3 domains of PSD-95. 80% of the residues of PDZ123
could be identified with high resolution NMR. Anesthetics (halothane, isoflur-
ane, and sevoflurane) were titrated into the PDZ1-3 samples at 4 ~ 5 different
concentrations, which were determined using 19F NMR with trifluoroacetic
acid as the external standard. Certain residues showed chemical shift changes
in an anesthetic concentration dependent manner in the 15N-1H HSQC spectra.
The combined chemical shifts change of 15N and 1H quantified anesthetic per-
turbation. We found that all three tested anesthetics affected PDZ1-3, but PDZ2
had the most affected residues, while PDZ3 had the least. The affected residues
in PDZ1 and PDZ2 were mostly in, or close to, their peptide binding groove,
whereas very few residues close to the binding groove in PDZ3 were affected.
These findings are valuable for understanding how anesthetics alter signal
transduction by perturbing PSD, in particular PDZ1-3 domains. The results
are useful for the study of anesthetic perturbation on peptide binding on the
PDZ domain with atomic resolution. Supported by NIH (NOT-GM-08-130
and R01GM056257-11 ).
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Kinetic Enhancement of NF-KB/DNA Dissociation by Ikbalpha
Vera Alverdi, Blake Henderson, Byron Hetrick, Joseph Simpson,
Elizabeth A. Komives.
The nuclear factor kappa B (NF-kB) family of transcription factors is involved
in inter- and intracellular signaling, cellular stress response, growth, survival,
and apoptosis. Specific inhibitors of NF-kB transcription including IkBa,
IkBb, and IkBe, block the transcriptional activity of p65 and c-Rel-containing
NF-kB dimers. DNA binding by NF-kB is inhibited by the ankyrin repeat pro-
tein kappa B (IkBa), which sequesters NF-kB to the cytosol. The mechanism
and kinetics of DNA binding inhibition by IkBa are still unknown, but we re-
cently demonstrated that IkBa enhances the dissociation of NF-kB from
DNA transcription sites. We are investigating the effect of IkBa on the associ-
ation and dissociation rates of the NF-kB/DNA complex using titration
54a Sunday, March 6, 2011measurements, stopped- flow fluorescence and ITC. We are using pyrene la-
beled DNA, IkBa, or NF-kb to study the fluorescence changes occurring during
the enhanced dissociation process. Our results show that IkBa increases the dis-
sociation rate of the DNA from the NF-kB complex in a concentration-depen-
dent manner and with high efficiency. We also repeated the experiments using
different DNA chains and different mutants of IkBa. We are also studying
IkBb, which appears to stabilize the NF-kB/DNA interaction. Both IkBa and
IkBb are able to form NF-kB/DNA/IkB ternary complexes. The rates of asso-
ciation and dissociation of DNA to form the ternary complexes was also mea-
sured and compared to interpret the kinetics of the enhanced dissociation
process.
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Revealing the Affinity of Individual and Combined Flig Domains for Flim
in the Bacterial Flagellar Motor Switch Complex by CG-MALS
Sophia Kenrick, Armand Vartanian, Frederick Dahlquist.
Complex interactions between flagellar motor proteins modulate the rotational
direction of the bacterial flagella. In particular, the middle and C-terminal do-
mains of FliG (FliGM and FliGC, respectively) bind two different sites on the
binding partner FliM, as part of the flagellar motor switch. We extend previous
NMR studies of the interactions between FliG domains with FliM via compo-
sition gradient multi-angle static light scattering (CG-MALS) to confirm spe-
cific binding, quantify affinity and identify the stoichiometry of each
complex. Though the equilibrium association constants between the individual
FliGC domains and FliGM differ by >25x, both complexes appear to reach
equilibrium on time scales faster than that of the CG-MALS measurement
(~5 sec). By contrast, binding of the dual-domain protein FliGMC to FliM ex-
hibited unusually slow association kinetics with reaction time constants on the
order of 30-60 minutes. CG-MALS revealed complex self-and hetero-associa-
tion stoichiometries that could not be identified or quantified by means of
NMR. Combined with structural studies, these data could provide insight to
the mechanism of flagellar motor switching.
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Multi-Functional Receptor Binding Activity of the Moraxella Catarrhalis
Adhesin UspA1
Nathan R. Zaccai, Christopher Agnew, Elena Borodina, Rebecca Conners,
Nicholas Burton, David K. Cole, Massimo Antognozzi, Mumtaz Vriji,
R. Leo Brady.
Moraxella catarrhalis, the causative agent of middle-ear infections, has a dis-
tinctive proliferation of lollipop-like molecular structures protruding from its
outer membrane and formed primarily by the bacterial adhesin protein
UspA1. UspA1 forms trimeric, densely packed and extended structures that
project up to 800 A˚ from the bacterial surface and is believed to play a major
role in colonisation and infection by this pathogen. Using X-ray crystallogra-
phy, here we show that the head region of UspA1 comprises a trimeric b-roll
domain, mounted on an extended trimeric coiled-coil stalk. The head domain
has micromolar affinity for the extracellular matrix (ECM) protein fibronectin,
by forming an extended interaction surface, distinctly different from its binding
to the CEACAM1 receptor which is a function of a specific site 400 A˚ distant
on the stalk. Atomic force microscopy studies furthermore showed that binding
of either ligand leads to changes in the mechanical elasticity of the bacterial
outer surface. UspA1 therefore appears to provide a multi-functional and me-
chano-sensitive scaffold for Moraxella interactions with both ECM and cell
surface receptors.
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Characterization of Self Assembled Peptide Porphyrin Complexes as Light
Harvesting Antennas
Matthew Warner, Laura Hagens, Michael Reca, Darius Kuciauskas,
Gregory A. Caputo.
Following a biomimetic approach, synthetic polypeptides designed to induce
porphyrin self-assembly into nanostructures were created. Because of their sta-
bility and favorable spectroscopic properties, peptide-porphyrin aggregates
could be applied as light harvesting antennas in dye-sensitized nanocrystalline
solar cells. Using a designed porphyrin binding motif (PBM) consisting of 3
cationic lysine residues, we have developed and characterized a short, amphi-
philic peptide that can efficiently bind three meso-tetra (4-sulfonatophenyl)
porphine (TPPS) molecules and facilitate three-dimensional orientation into
an excitonically coupled J-aggregate. The ability of the peptide to act as a scaf-
fold for TPPS interactions was shown to be dependent on the sample pH
and the resulting impacts on peptide secondary structure conformation using
a combination of fluorescence, absorbance and circular dichroism spectros-copy. Under all conditions tested the peptide was shown to cooperatively
bind three TPPS molecules per peptide with little change in Kd from pH 1.8
through 7.6. At low pH (3.6 and below) the peptide adopted a random coil con-
formation and allowed for the TPPS molecules to form the J-aggregate struc-
ture. Upon neutralization of the sample pH, the peptide adopts a predominantly
alpha-helical structure which is concomitant with the loss of J-aggregate for-
mation within the TPPS molecules. Using a series of peptides that contained
Trp at different positions with respect to the PBMs we have initial measures
of the sequence specificity of the cooperative binding event in terms of which
PBM sequence is more likely to be the FIRST in the peptide to bind a TPPS
molecule.
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The Effects of LFA-1 Antagonism on Protein Sorting and TCell Triggering
Eulanca Y. Liu, Nin˜a C. Hartman, Jay T. Groves.
The large-scale spatial patterning of receptor-ligand pairs at intermembrane
spaces are increasingly studied due to their contribution to cell signaling
and downstream events. One example, the immunological synapse (IS), is
a key event in the immune response. Crucial to the overall pattern at the T
cell/antigen presenting cell (APC) interface are submicron clusters that be-
come spatially organized to initiate T cell triggering. The T cell receptor
(TCR) and its ligand, activating peptide-bound major histocompatibility com-
plex (pMHC), form a large central cluster surrounded by a peripheral ring of
lymphocyte function-associated antigen-1 (LFA-1) bound to its ligand inter-
cellular adhesion molecule-1 (ICAM-1). These receptor-ligand interactions
catalyze submicron clustering and subsequent centripetal transport by the ac-
tin cytoskeleton. In this work, we replace the APC with a biomimetic, fluid
supported membrane with easily controlled protein composition. Using fluo-
rescent microscopy visualization techniques, we have developed a reliable
and robust assay to test the effects of LFA-1 inhibition. We hypothesize
that LFA-1 antagonism through the use of a small-molecule inhibitor or an
anti-LFA-1 antibody will alter protein sorting and T cell triggering. Unex-
pectedly, the small-molecule antagonist affects TCR spatial patterning in ad-
dition to the predicted disruption of LFA-1 ring formation. We further
investigate this by studying the effects on actin morphology, calcium signal-
ing, and IL-2 secretion. Our results provide a fundamental understanding
of LFA-1 antagonism on the IS, TCR signaling, and actin behavior. In addi-
tion, our research can impact the development and analysis of drugs for im-
mune-mediated disorders, which frequently target LFA-1 and inhibit ligand
binding.
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Structural Studies of Calmodulin Activation of Estrogen Receptor Alpha
Jeffrey Urbauer, Carrie Jolly, Brian Jones, Erik Henderson,
Ramona Bieber Urbauer.
The goal is to determine the mechanism of calcium-dependent activation of es-
trogen receptor alpha (ERa) by calmodulin (CaM) and to ascertain how oxida-
tive stress and oxidative modifications mediate the interactions between CaM,
ERa and antiestrogens. Systemic endocrine/antiestrogen therapy is among the
most common treatments for estrogen-dependent breast cancers. ERa is the
primary target for antiestrogen therapies, and antiestrogen drugs such as ta-
moxifen and its metabolites (4-hydroxytamoxifen, endoxifen) bind tightly to
ERa and inhibit its ability to activate transcription. Recently, it was demon-
strated that CaM is an obligate ERa activator. Interestingly, antiestrogens
that bind tightly to ERa also bind tightly to CaM. It has been suggested that
therapeutic benefit of antiestrogens for estrogen-dependent breast cancers
may derive partially from CaM antagonism. Towards our goal of understand-
ing how CaM activates ERa, we have localized the CaM binding region of ERa
and initiated structural studies to determine the structure of the complex of
CaM with the ERa CaM binding region. Using NMR and SAXS we find
that CaM bound to ERa is somewhat extended structurally compared to high
affinity CaM complexes. Circular dichroism and fluorescence studies indicate
high affinity between CaM and the CaM binding domain of ERa and that upon
binding to CaM the CaM binding region of ERa adopts only partial helical
character. Binding of CaM to hydrophobic antiestrogens (tamoxifen, 4-hydrox-
ytamoxifen, endoxifen, raloxifene) is eliminated when methionine residues in
CaM are oxidized. However, oxidation does not eliminate binding to ERa.
Control experiments with CaM mutants (leucine for methionine) indicate
methionine residues are not essential for antiestrogen binding. The results
are important for understanding CaM activation of ERa and the link between
oxidative stress and antiestrogen resistance development. (Supported by
the DOD, the Georgia Cancer Coalition, Bruker AXS and the University of
Georgia).
